Bisphenol A (BPA) is a typical endocrine-disrupting chemical. e removal of BPA has raised much concerns in recent years. is paper examined the adsorption behavior of BPA to biochars and the different effects of cationic, anionic, and nonionic surfactants. e results indicated that peanut shell biochars prepared at 300°C (BC300), 500°C (BC500), and 700°C (BC700) showed strong adsorption affinity for BPA, and the adsorption affinity of biochars increased with the increase of pyrolysis temperature. e range of log K d values was 2.83∼3.71, 2.91∼4.57, and 3.24∼5.50 for BC300, BC500, and BC700, respectively. Both the type of surfactants and the properties of biochars could affect the adsorption behavior of BPA. Cetyltrimethyl ammonium bromide (CTAB) showed negligible effect on the adsorption of BPA on BC300, and the inhibition effect of CTAB was stronger with the increase of biochar pyrolysis temperature. Tween 20 and sodium dodecyl benzene sulfonate (SDBS) showed stronger inhibition effect than CTAB, especially on BC300. is is likely because the inhibition effect caused by competition of CTAB may be counterbalanced by the enhancement caused by the partitioning effect by adsorbed CTAB and the bridge effect between the -NH 4 + group of CTAB and the phenol group on BPA/O-functional groups of biochars, whereas Tween 20 and SDBS do not have this bridge effect advantage.
Introduction
Bisphenol A (BPA) is one of the most common endocrinedisrupting chemicals, which is widely applied to produce plastics, resins, and other materials [1] . It could mimic or block the biological activity of natural hormones in the endocrine systems of wildlife and humans and may interfere with the transport and metabolic processes of natural hormones and threaten the health of wildlife and human even at trace levels (ng/L) [2, 3] . In recent years, BPA has been frequently detected in air, soil, sediments, water bodies, and food, and the concentration could reach as high as several milligram per liter [1, [4] [5] [6] . erefore, it is of great importance to find an efficient method for BPA removal.
Biochar, which is a kind of carbon-rich, porous, and lowcost product formed by pyrolysis of biomass [7] [8] [9] , has been reported to be an excellent adsorbent in wastewater treatment, especially for hydrophobic organic pollutants [10] .
Previous studies found that biochars showed strong adsorption affinities to BPA [11] [12] [13] . For example, Wu et al. [11] have reported that wood, walnut, and apricot shell biochars all showed strong adsorption affinity to BPA. Choi et al. [12] showed that the maximum adsorption capacity of BPA to alfalfa biochar prepared at 650°C was as high as 38 mg/g. Kim et al. [13] reported that the adsorptive capacity of BPA to biochars is even stronger than that to powdered activated carbon. e adsorption behavior of biochars could be affected by aqueous chemistry conditions once they were applied in wastewater treatment [14, 15] . Surfactants, which are widely used in the daily life of humans, such as personal care products, textiles, pesticide formulations, pharmaceuticals, and household cleaning detergents [16] , could be released into the environment and coexist with the organic contaminants. However, the influences of surfactants on the adsorption behavior of the organic contaminants to biochars were not fully investigated yet [17] [18] [19] .
It is noted that there are many different types of surfactants, such as anionic surfactants, cationic surfactants, and nonionic surfactants. erefore, they could have different effects on the adsorption behavior of organic contaminants due to their different chargeability and functional groups. For example, Zhang et al. [20] reported that high concentration of cationic surfactant, cetyltrimethyl ammonium bromide (CTAB), could enhance the adsorption of phenanthrene on black carbon, whereas high concentration of anionic surfactant, sodium dodecyl benzene sulfonate (SDBS), inhibited the adsorption of phenanthrene.
is is likely because the phenanthrene molecular could be adsorbed on the hemimicelles or cosmids formed by CTAB which was adsorbed on black carbon and the adsorption was enhanced, whereas the presence of SDBS in the solution could increase the solubility of phenanthrene and inhibited the adsorption. On the contrary, Oleszczuk and Xing [21] reported that SDBS could enhance the dispersibility of the multiwalled carbon nanotubes, which led to the increase of oxytetracycline adsorption sites and strong enhancement of adsorption affinity to multiwalled carbon nanotubes, whereas the presence of TX100 and CTAB decreased the adsorption of oxytetracycline by multiwalled carbon nanotubes significantly. ese studies indicated that the effects of surfactants on adsorption behavior were not only in relation to the types of the surfactants but also in relation to the properties of adsorbents. Up to now, there are few studies focused on the effects of different types of surfactants on the adsorption of BPA on biochars.
us, it is of great importance to explore the effects of surfactants on the adsorption behavior of BPA to biochars and compare the differences between the different types of surfactants.
In this paper, the adsorption behavior of BPA to peanut shell biochars was examined, and the effects of different types of surfactants were also evaluated. CTAB, SDBS, and Tween 20 were selected as the model cationic, anionic, and nonionic surfactants, respectively. Physicochemical properties of peanut shell biochars under different pyrolysis temperatures were characterized. e adsorption affinities of BPA to the peanut shell biochars in absence and presence of the surfactants were examined by batch experiment. e controlling mechanisms were also discussed. 
Materials and Methods

Biochar Preparation.
Peanut shells were collected from Linyi (Shandong, China). Biochars were prepared as follows [25] . First, peanut shells were rinsed with distilled water. After air-drying, they were cut into small pieces and placed in a ceramic pot. e samples were then heated in a muffle furnace at 300, 500, and 700˚C for 2 h. Finally, the samples were grinded, and the biochar powders which passed through a 0.147 mm sieve were referred as BC300, BC500, and BC700, respectively.
Characterization of Biochars.
Surface elemental compositions of the biochars were determined with X-ray photoelectron spectroscopy (XPS) (PHI 5000, VersaProbe, Japan). Fourier-transform infrared (FTIR) transmission spectra were obtained using a 110 Bruker Tensor 27 apparatus (Bruker Optics Inc., Germany), with a biochar to KBr ratio of 1 : 100. e morphological structures of the biochars were observed by both the scanning electron microscopy (SEM, S-3400N II, Hitachi, Japan) and transmission electron microscopy (TEM, JEM-2100, JEOL, Japan). e surface areas of the biochars were calculated using the multipoint Brunauer-Emmett-Teller method. e micropore volume and diameter were determined using the Horvath-Kawazoe method. e pH of point of zero charge (pH PZC ) of biochar was determined using the method reported by Dastgheib et al. [26] .
Adsorption Experiments.
e adsorption isotherm experiment of BPA on biochar was carried out by the batch experiment [12] . First, 10 mg of biochars was added to a glass vial, and then 20 mL of buffer solution (10 mM Na 2 HPO 4 -NaH 2 PO 4 , pH � 6.0) was spiked to the vial. When adsorption isotherm experiment in presence of surfactants was conducted, the surfactant solutions were added as the background solution and the surfactant concentration was set as 40 mg/L. Subsequently, certain amounts of BPA stock solution were added to the vials to make the initial concentration in the range of 0.44 to 28 mg/L. e volume of stock solution added to vials was kept below 0.1% to minimize the cosolvent effect. en, the vials were tumbled at 3 rpm at room temperature for 14 days until the adsorption equilibrium was reached, and the concentrations of BPA in the supernatants were measured.
To test the effect of the concentration of surfactant, the concentrations of surfactant were set as 0.05, 0.1, 0.3, 0.5, and 0.8 CMC of each surfactant. e initial concentration of BPA was 4.5 mg/L. All the adsorption isotherm experiments were 
Analytical
Methods. e concentration of BPA was measured by a high-performance liquid chromatograph equipped with a 4.6 mm × 250 mm Eclipse Plus C18 column. e mobile phase was 70 : 30 (v/v) of methanol and deionized water with 1% acetic acid, and the flow rate was 1 mL/min. It was detected with a fluorescence detector at an excitation wavelength of 220 nm and an emission wavelength of 350 nm. No peaks were detected in the spectra for potential degraded/transformed products of the test compounds. All data were analyzed using Graph Pad Prism 6.
2.6. Statistical Analysis. One-way analysis of variance (ANOVA) with Duncan or Dunnett's T3 test was applied to test the significant differences of BPA solubility in presence and absence of surfactants and the effects of surfactant concentrations on the adsorption of BPA on BC300. Differences were considered significant at p < 0.05. All the statistical analyses were carried out using SPSS software (version 19.0, SPSS Inc., Chicago, USA).
Results and Discussion
Characterization of Biochars.
e morphology properties of biochars can be described by SEM ( Figure 1 ) and TEM images ( Figure 2 ). It can be easily seen that the pore diameter of BC300 was 25.4 nm, which was significantly larger than that of BC500 and BC700, whereas the pore volume of BC300 was the smallest (Table 3) . is was likely because during the pyrolysis of the biomass (i.e., peanut shell), it decomposed and a large number of fiber chain structures were destroyed [27] . Some substances under their volatilization temperature would deposit on the surface of the biochar and form an irregular block stack [27] . With the increase of pyrolysis temperature, the residual biomass was gradually decomposed, and the removal of volatile materials resulted in the increased pore volume [27] [28] [29] .
e surface elemental compositions of biochars are summarized in Table 3 . It was shown that with the increase of the pyrolysis temperature, the C content increased while N and O content decreased. Furthermore, (O + N)/C decreased from 0.29 to 0.23, which indicated the polarity of biochar decreased with the increasing pyrolysis temperature [28] . To further explore the changes in functional groups on the surface of different biochar samples, FTIR spectra are presented in Figure 3 . e peaks around 3392, 1594, 1370, and 1030 cm − 1 wavenumbers indicated the stretching vibration of O-H [30] , double bond stretching vibration of C�O [31, 32] , bending vibration of O-H [33] , and stretching vibration of alkyl C-O [34] in the functional groups of biochars, respectively. e intensities of all these aforementioned peaks decreased with the increasing pyrolysis temperature. e content of each functional group was calculated based on XPS spectra. As shown in Figure 4 and Table 3 , the content of C-C/C�C gradually increased with the increasing pyrolysis temperature, while that of oxygen-containing functional groups (e.g., C-O, C�O and COOH) decreased. is trend was consistent with the results of FTIR characterization.
is is likely because with the increase of the pyrolysis temperature, the low degree of graphitized amorphous carbon could be converted to high degree of graphitized aromatic carbon via dehydration, decarboxylation, and decarbonylation effects [10, 32, 33, 35] . e loss of polar functional groups on the surface of biochar samples also resulted in the increase of pH PZC value from 7.34 to 10.2 (Table 3 ) [36] .
Adsorption of Bisphenol A by Biochar.
e adsorption isotherms of BPA to BC300, BC500, and BC700 are shown in Figure 5 . e adsorption data were fitted with the Freundlich sorption model: q � K F · C n W , where q (mg/kg) and C W (mg/L) are the equilibrium concentrations of an adsorbate on the BCs and in the solution, respectively; K F (mg 1− n L n /kg) is the Freundlich affinity coefficient and n (unitless) is the Freundlich linearity index [37] . e n value could reflect the state of the energy distribution of the adsorption site [38, 39] , and the heterogeneity of the adsorption sites increased with the decrease of n value [40] . e fitted Freundlich model parameters and the ranges of log K d are summarized in Table 4 , where K d (K d � q/C w ) is the adsorption coefficient [41] . In general, the Freundlich model fitted the adsorption data well. As shown in Table 4 , the values of n decreased from 0.48 to 0.22 with the increase of pyrolysis temperature. is is because the condensed aromatic domain of biochars and the heterogeneity of the adsorption sites increased with the increase of pyrolysis temperature [42] . e log K d value of BC300 was in a range of 2.83∼3.71, which was much lower than that of BC500 (2.91∼4.57) and BC700 (3.24∼5.50). is result was comparable with the previous studies [11] [12] [13] . is also indicated that the adsorption affinity of biochars to BPA was following the order as BC700 > BC500 > BC300. One of the important reasons is that the increased pyrolysis temperature resulted in the enlarged pore volume and increased surface areas of biochar and provided more adsorption sites for BPA. On the other hand, the hydrophobicity of the biochar increased with the increase of pyrolysis temperature. Previous studies have reported that hydrophobic interaction is the main adsorption mechanism for the hydrophobic organic contaminants to biochars [27] . erefore, the hydrophobic interaction between biochar and BPA was also enhanced. irdly, the amount of aromatic benzene ring of the biochar increased with the increase of pyrolysis temperature and made the biochars become a stronger π-electron acceptor. BPA could act as a strong a π-electron donor. us, the π-π electron donor/acceptor (EDA) interaction between biochar and BPA was enhanced. Chen et al. [27] also reported that π-π EDA interaction was one of the important factors that could affect the adsorption of BPA, which was consistent with our conclusion. It is noted that with the increase concentration of BPA, the adsorption affinity on the biochar under low pyrolysis temperature was closer to that on the biochar under high pyrolysis temperature. is is likely because biochars derived under low pyrolysis temperature contained more O-functional groups, and the H-bonding effect between the -OH group of BPA and the O-functional groups on biochars was stronger [43] . With the increased concentration of BPA, the H-bonding effect was more obvious. us, although the hydrophobicity effect and π-π EDA interaction were weak on biochars derived under low pyrolysis temperature, the relatively stronger H-bonding, especially at higher BPA concentration, could offset part of the Journal of Chemistry hydrophobicity effect and π-π EDA interaction effect. us, H-bonding is another important mechanism that controls the adsorption behavior.
Adsorption of Bisphenol A by Biochar in presence of the
Surfactants. e adsorption isotherms of BPA in presence of the surfactants are shown in Figure 6 , and the fitted Freundlich model parameters are summarized in Table 4 . e three different types of surfactants all showed inhibition effect on the adsorption of BPA. However, the extents of the inhibition varied, which may be in relation to the types of surfactants and the properties of biochars.
Previous studies have reported that the surfactants could be adsorbed on biochars via the hydrophobic effect, electrostatic attraction, cation exchange, π-π interaction, porefilling effect, etc. [23, 44] . us, they could occupy the adsorption sites of the organic contaminants or block the pores that the organic contaminants may enter in [37] . On the other hand, the adsorbed surfactants on biochars could form hemimicelles or admicelles, which could also offer absorption (partitioning) sites for the organic contaminants [45] . Next, the surfactants could increase the solubility of organic contaminants [20] . us, the effects of the surfactants on the adsorption of organic contaminants depend on the contribution of each mechanism. To further explore the mechanisms that surfactants affect the adsorption behavior of BPA on biochars, the adsorption coefficient (log K d ) of BPA in absence and presence of the surfactants at different equilibrium concentrations of BPA was calculated based on the Freundlich model ( Table 5) .
As shown in Figure 6 , the adsorption isotherms of BPA on BC300 in presence of CTAB almost overlapped with that in absence of the surfactant. e log K d varied less than 1.4% when the equilibrium concentration of BPA was 10 mg/L compared with that in absence of the surfactant on BC300, whereas it decreased 14.5% on BC700 (Table 5 ). Zhang et al. [20] reported that the solubilization effect could be an important reason that resulted in the inhibition effect in presence of surfactants. However, in our study, the experimental concentration of CTAB was 40 mg/L, which was much lower than the critical micelle concentration (CMC) of CTAB (340 mg/L). us, it has little effect on the solubility of BPA (Figure 7) . erefore, the solubility enhancement effect could be negligible. As shown in Table 2 , the cationic CTAB molecules have a long hydrophobic chain and a positively charged "head" (-NH 4 + ); thus, it could be adsorbed on the hydrophobic surface of biochars via the hydrophobic effect and the negatively charged O-functional groups via electrostatic attraction. As discussed earlier, these adsorption sites on the surface of biochars were also available for BPA. us, the adsorption sites for BPA would decrease in presence of CTAB, and the micropores of biochars that BPA could go in may be blocked. On the other hand, the partitioning of BPA to hemimicelles that adsorbed CTAB formed on BC300 could enhance the adsorption of BPA. Another important mechanism is that the -NH 4 + group of CTAB could interact with the phenol group of BPA via Lewis acid-base interaction [37] . us, CTAB could serve as a cation bridge between the BPA and biochars and enhance the adsorption. erefore, the adsorption isotherms of BPA in presence of CTAB almost overlapped with that in absence of surfactants probably due to the counterbalance between the inhibition effect caused by competition and the enhancement effect caused by the partitioning and the bridging effect by adsorbed CTAB. It is noted that the inhibition effect of CTAB decreased with the increase of BPA concentration. For example, the adsorption coefficient (log K d ) of BPA decreased 6.8% on BC300 at C W � 0.1 mg/L compared with that in absence of CTAB, whereas it decreased 1.3% at C W � 10 mg/L. At low concentration of BPA, the BPA molecules were prone to be adsorbed on the high adsorption energy sites, such as micropores. With the increase of the concentration of BPA, they started to be adsorbed on other adsorption sites with relatively low adsorption energy, such as the hemimicelles formed on biochars and NH + 4 group of CTAB. us, the inhibition effect was weakened. Tween 20 and SDBS showed similar inhibition effect on the BPA adsorption, which were different from CTAB, especially on BC300 ( Figure 6 ). e log K d values of BPA in Journal of Chemistry 7
presence of SDBS and Tween 20 were 2.44, which was much lower than that in presence of CTAB (2.90). One of the important reasons is that Tween 20 and SDBS do not have the advantage of the bridging effect which is caused by the -NH 4 + group of CTAB. Secondly, as shown in Figure 7 , the solubility of BPA was increased by 15% in presence of Tween 20; thus, the BPA molecule was prone to dissolve in the surfactant solutions rather than being adsorbed on biochars [37] . On the other hand, Tween 20 could be adsorbed on the biochars via hydrophobic interaction due to its long hydrophobic chains structure, and the adsorption kinetics of Tween 20 was reported to be faster than that of BPA [46, 47] . erefore, the molecules of Tween 20 could preferentially occupy the adsorption sites. Tween 20 could twine around the surface of biochars or block the entrances of micropores [46] , and the available adsorption sites decreased. us, it inhibited the adsorption of BPA. Although SDBS was negatively charged and showed less adsorption on biochar surface [37] , the hemimicelles or admicelles formed on biochar surface also decreased. According to the adsorption results, we speculated that the enhancement caused by the partitioning effect by adsorbed SDBS could not counterbalance the inhibition effect caused by competition effect. us, the inhibition effect was also strong in presence of SDBS.
With the increase of pyrolysis temperature, the extent of inhibition effect, which is indicated by the decreased percent of adsorption coefficient (log K d ) ( Table 5) , was stronger in presence of CTAB, especially at low concentration of BPA. In presence of SDBS and Tween 20, the decreased percent of adsorption coefficient decreased less than that in presence of CTAB at low concentration of BPA, and it showed even a little increase at high concentration of BPA. is is likely because the pore diameter of biochars decreased with the increase of pyrolysis temperature. e adsorbed surfactant molecules could block more micropores on biochars produced at high pyrolysis temperature, and the inhibition effect of CTAB was stronger with the increase of pyrolysis temperature at low concentration of BPA. However, this may be not the main mechanism because of the different effects on CTAB and SDBS/Tween 20. With the increase of pyrolysis temperature, the O-functional groups of biochars decreased, and the zeta potential also decreased. us, the electronic attraction between CTAB and biochar decreased, and the adsorption of CTAB on biochars weakened. e enhancement caused by the partitioning effect by adsorbed CTAB and the bridging effect could not counterbalance the competition effect; thus, the inhibition effect became stronger.
To further identify the mechanisms controlling the effects of the surfactants, we examined the values of log K d of BPA on BC300 under different surfactant concentrations (Figure 8) . For SDBS and Tween 20, it showed similar trend that with the increase of the surfactant concentration, the inhibition effect was enhanced significantly (p < 0.05). is may be because with the increase of the surfactant concentration, the solubility enhancement effect also increased which may decrease the adsorption of BPA on biochars. Zhang et al. [20] also reported that the increase of SDBS concentration could result in decrease of phenanthrene adsorption on black carbon because of the solubility enhancement. However, CTAB showed a slight increase of BPA adsorption on biochars at lower concentration (0.05 CMC) (p > 0.05) and then decreased significantly (p < 0.05).
is is likely because the partitioning effect and the bridging effect caused by adsorbed CTAB might be the main mechanisms at low concentration of CTAB.
Conclusion
e pyrolysis temperature could affect the physical and chemical properties of peanut shell biochar, and the adsorption affinity of BPA would be stronger on the biochars produced at higher temperature due to the larger surface area and pore volume, higher hydrophobicity, and aromaticity.
e main mechanisms of adsorption of BPA on peanut shell biochars were hydrophobic effect, π-π EDA interaction, and H-bonding. e presence of surfactants could affect the adsorption behavior of BPA to biochars. e cationic, anionic, and nonionic surfactants all showed inhibition effect on the adsorption of BPA. e adsorption affinities of BPA in presence of CTAB were similar with those in absence of surfactants to BC300 probably due to the counterbalance between the inhibition effect caused by competition and enhancement caused by the partitioning and bridging effect by adsorbed CTAB, and the inhibition effect of CTAB was stronger with the increase of pyrolysis temperature. However, Tween 20 and SDBS do not have the advantage of the bridging effect which is caused by the -NH 4 + group of CTAB. us, Tween 20 and SDBS showed stronger inhibition effect than CTAB, especially on BC300.
is study revealed the mechanisms controlling the adsorption behavior of BPA to biochars. It is of great importance for the application of the biochar in wastewater treatment. However, further studies (in particular, the Journal of Chemistry desorption behavior in presence of surfactants) are needed to fully understand the mechanism of the adsorption process of BPA to biochars.
Data Availability
e data used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest
e authors declare that there are no conflicts of interest regarding the publication of this paper.
